Prolonged fasting leads to a shift from carbohydrate to fat as the primary energy source, resulting in the production of ketones such as beta-hydroxybutyrate. Hyperketonaemia and ketoacidosis have been observed in young children fasting for surgery. The aim of this study was to investigate ketonaemia in adults fasted for surgery. One hundred non-diabetic adults presenting for elective or emergency surgery were assessed for the presence of hyperketonaemia (beta-hydroxybutyrate levels more than 1 mmol/l), and the relationship between beta-hydroxybutyrate, blood glucose and fasting duration was investigated. Three of 100 patients demonstrated hyperketonaemia, one of whom had ingested a ketogenic supplement the evening prior to surgery. No patient demonstrated beta-hydroxybutyrate levels suggestive of ketoacidosis (above 3 mmol/l). No relationship between fasting duration and ketone or glucose levels was observed. We found no evidence that prolonged preoperative fasting led to beta-hydroxybutyrate levels consistent with ketoacidosis.
1
. A reduced fasting duration has many purported benefits, including reduced dehydration, hunger, thirst and patient discomfort as well as reductions in insulin resistance 2 . Prolonged fasting in young children can produce ketoacidosis and low normal blood glucose levels 3 . Little is known about ketone levels in adults fasting for surgery, and a PubMed search revealed no studies published in English of ketone levels in this population 2 . Betahydroxybutyrate is the ketone body most readily measured in serum. It can be measured in the laboratory or at the bedside using a multifunction blood glucose and ketone monitor and a ketone test strip. Under usual conditions, normal ketone levels can be defined as beta-hydroxybutyrate less than 0.5 mmol/l, hyperketonaemia can be defined as betahydroxybutyrate greater than 1.0 mmol/l, and ketoacidosis may occur at beta-hydroxybutyrate levels above 3.0 mmol/l 4 . Baseline ketone levels are two to three times normal during pregnancy 4 .
To determine the degree of ketonaemia in fasted surgical patients, this observational study measured blood ketone and glucose levels in 100 non-diabetic adults presenting for surgery. The primary objective was to investigate the presence of hyperketonaemia as defined by serum betahydroxybutyrate levels greater than 1.0 mmol/l. The secondary objective was to observe the relationship between ketone and blood glucose levels and fasting duration. Our primary hypothesis was that hyperketonaemia or ketoacidosis would not be present in correctly fasted adult elective surgical patients. Our secondary hypothesis was that longer fasting durations would be observed for patients scheduled for afternoon elective surgery and in unscheduled emergency surgery and would produce elevated ketone levels.
Materials and methods
One hundred fasting adults aged over 16 years participated in the study. Participants underwent emergency or elective surgery in the morning or afternoon on weekdays or weekends at a large tertiary hospital in regional Australia over a four-month period from January 2017 to April 2017. Type 1 and known type 2 diabetic patients were excluded, as were pregnant women. Patients who could not consent to participation or give an adequate fasting history due to cognitive impairment were also excluded. No other selection criteria were applied, and participants were recruited over a number of weekdays and weekends until the sample size was achieved.
Low-risk ethics approval was granted by the Hunter New England Human Research Ethics Committee (HREC approval number 16/12/14/5.13). Informed consent was obtained. A detailed verbal survey of preoperative fasting history was conducted, followed by obtaining a sample of blood by finger prick or during intravenous cannula insertion. Type and urgency of surgery was recorded, along with fasting times for solids and fluids. Fasting duration was defined as the time from onset of fasting to time of sampling. Time of anaesthesia induction was not recorded, however was within two hours of sampling in all cases. Beta-hydroxybutyrate and glucose were measured using a bedside multifunction blood glucose and ketone monitor (FreeStyle Optium Neo, Abbott Laboratories, IL, USA) calibrated before use each day.
Results were recorded at the patient's bedside on handheld tablets (iPad, Apple Inc., Cupertino, CA, USA) directly into a secure REDCap database (Vanderbilt University, TN, USA). De-identified data was exported to SPSS for analysis.
As there were no data on which to base sample size calculations, a sample size of 100 was chosen for this small observational study. Descriptive statistics were reported for beta-hydroxybutyrate levels, blood glucose levels, fasting duration for solids and fasting duration for liquids for three groups of patients (elective morning, elective afternoon and emergency patients). As the data were not normally distributed, median and interquartile ranges (IQR) were used to quantify the distributions. Spearman's rank correlation method was used to examine the strength of the relationship between beta-hydroxybutyrate, blood glucose and fasting duration.
Results
Fifty-eight patients undergoing elective surgery and 42 undergoing unscheduled emergency surgery were recruited. Four patients demonstrated fasting blood glucose levels consistent with type 2 diabetes in the absence of any previous diagnosis. Characteristics of the study population are shown in Table 1 .
Ninety-seven patients demonstrated a betahydroxybutyrate level below 1 mmol/l. Three patients had a beta-hydroxybutyrate level above 1 mmol/l. No patient demonstrated a beta-hydroxybutyrate level greater than 3 mmol/l (which would be consistent with ketoacidosis). The patient with the highest beta-hydroxybutyrate level (1.8 mmol/l) reported ingesting a ketogenic supplement at the gym the evening before surgery to stimulate lipolysis.
There was weak positive correlation between betahydroxybutyrate level and fasting duration for solids (Spearman's rho=0.24, P=0.02) (Figure 1) , and no correlation between beta-hydroxybutyrate level and fasting duration for liquids (Spearman's rho=0.05, P=0.66) (Figure 2 ). There was weak negative correlation between blood glucose level and 13.6 (12.5-14.9) hours in morning elective patients, 16.9 (14.8-18.1) hours for afternoon elective patients, and 14.0 (12.4-16.8) hours for emergency patients. The median (IQR) fasting time for oral fluid intake was 9.0 (4.5-13.6) hours for morning elective patients, 5.1 (3.9-9.1) hours for afternoon elective patients, and 11.8 (9.3-14.2) hours for emergency patients ( Table 2) . Nearly one-third (29%, 12/42) of patients undergoing emergency surgery had fasted for surgery on multiple occasions as a result of cancellations due to operating theatre unavailability. These patients had been fed in the evenings and placed on the emergency theatre list for the following day. Nine of these patients (9/42, 21%) underwent surgery on the second fasting day. A further two patients (2/42, 5%) had fasted for two successive days, had been fed in the evenings and underwent surgery on the third fasting day. One patient (1/42, 2%) had fasted for three consecutive days, had been fed in the evenings, and underwent surgery the fourth fasting day.
Discussion
Hyperketonaemia was present in 3% of participants, one of whom was intentionally stimulating ketosis. This patient demonstrated the highest beta-hydroxybutyrate level observed in the study, 1.8 mmol/l. No participant demonstrated ketone levels above 3 mmol/l, beyond which ketoacidosis may occur. No relationship was observed between fasting times and either blood glucose or ketone levels. Contrary to expectations, the median fasting duration for food among unscheduled emergency surgery patients did not differ greatly from that of morning elective surgery patients, however this appears to be because of excessive fasting durations among the latter rather than optimal fasting durations among the former. The expectation that median fasting durations for food would be longer among afternoon elective surgery patients was correct, however this group also had the shortest median fasting duration for fluids.
In adults eating a normal Western diet, ketone levels normally rise above 1 mmol/l after a fast of approximately three days and reach a plateau of 6-8 mmol/l after four weeks of starvation 4 . Ketone levels have been shown to vary in normal populations even when controlling for age and fasting duration. This variation is thought to be caused by variations in basal metabolic rate, variations in hepatic glycogen stores, and differences in the rate of mobilisation of amino acids from muscle protein 4 . Common physiological causes of hyperketonaemia apart from fasting include prolonged exercise and a high fat or ketogenic diet 4 . The latter appears to account for the highest beta-hydroxybutyrate level observed in our study. It is not possible to determine whether normal variation, physiological factors or prolonged fasting accounted for the remaining two cases of observed hyperketonaemia. The levels observed do not appear inconsistent with possible normal variation or physiological factors, and our study demonstrated no relationship between fasting duration and beta-hydroxybutyrate levels.
In common with previous studies in young children we found that most adults maintained their blood glucose in the low normal range, but in contrast to the paediatric studies, almost no adults had significantly elevated ketones despite prolonged fasting periods. Initial maintenance of blood glucose level is dependent on hepatic glycogenolysis prior to the switch to lipolysis, beta-oxidation of fatty acids and ketogenesis. It would be reasonable to postulate that this difference between adults and young children reflects the relatively lower hepatic glycogen stores and possibly the higher metabolic rates found in young children. The absence of any convincing relationship between the duration of fasting and either ketone or blood glucose level suggest that the observed fasting periods-well in excess of current perioperative fasting guidelines-were not long enough to cause a switch away from glucose as the primary energy source in this study population.
Preoperative carbohydrate drinks have been found to improve subjective patient satisfaction when compared to flavoured water or fasting, and some studies have suggested reductions in morbidity 5, 6 . Additional outcomes studied include reductions in postoperative nausea and vomiting and the possibility of reduced length of stay 7, 8 . Whether the other reported benefits of carbohydrate loading such as improved feelings of wellbeing, and reductions in thirst, hunger, fatigue and anxiety 9, 10 , could be achieved by simpler and less expensive means in the preoperative phase is also unknown, yet the practice of carbohydrate loading with commercially available drinks appears to be becoming more common. A 2014 Cochrane review concluded that preoperative carbohydrate loading did not alter postoperative complication rates when compared with fasting or placebo and that lack of adequate blinding and possible biases may have contributed to the observed treatment effect of a small reduction in length of hospital stay 11 . Our study showed that fasting periods for both solids and fluids were far in excess of that required for both elective and emergency surgery, and nearly one-third of emergency surgery patients are being kept fasted for multiple successive days due to restricted access to theatres. There are many reasons why fasting protocols are not observed and this has been described in both adult and paediatric hospitals [11] [12] [13] [14] . Most patients were instructed to fast from midnight regardless of timing of surgery. This may partly reflect a desire to make sure that lists are fully utilised in the event of changes to the order of cases or in the event that additional theatre time becomes available, however there are other ways this issue can be managed without imposing a blanket 'complete fast from midnight' regimen 15 . A primary limitation of our study is the relatively small sample size, but it may provide the basis for further studies in this area and data for future sample size estimates. It is possible that there were selection biases related to recall of fasting details and of preoperative instructions. In addition, there may have been a bias towards healthier patients as 58% of our cohort were ambulatory elective surgery patients. We also recognise there may have been changes in ketone levels in the short period of time between measurement and commencement of surgery. This study did not measure ketones postoperatively on arrival in recovery, which may provide additional information on metabolic state at the end of surgery. Acetoacetate is the other ketone body produced during the process of fat oxidation and its measurement may provide valuable information, but the current measurement process is not suitable for clinical studies. It is possible a more accurate measurement of beta-hydroxybutyrate would be obtained by formal laboratory analysis, however the bedside device used in this study is accepted as the standard monitor for diabetic management in the community and in hospitals, except in critically ill patients.
In conclusion, in our small observational study of 100 adults fasted for a wide range of emergency and elective surgical procedures, we observed three cases of hyperketonaemia, including one intentionally induced by diet. It is possible the observed levels of hyperketonaemia may be attributable to normal or physiological variation, as there was no relationship between fasting duration and either blood glucose or ketone level, despite prolonged, and in some cases, excessive, fasting durations.
